











Introduction:		The	combination	of	chronic	(a	rising	base	level	of	accelerating	sea	level	rise)	and	acute	(increased	magnitude	and	frequency	of	storm	surges)	environmental	change	are	predicted	to	have	severe	impacts	for	many	shorelines	around	the	world	(Wong	et	al.,	2014).	Saltmarshes	are	the	primary	vegetated	intertidal	habitat	in	many	temperate	and	subtropical	regions,	and	are	widely	distributed	along	the	European	coastline	(Dijkema,	1987).	They	can	play	a	vital	role	in	mitigating	the	effects	of	sea	level	rise	and	in	coastal	risk	reduction	through	dissipating	wave	energy,	promoting	nearshore	sediment	retention	and/or	reducing	surface	erosion	and	sediment	transport	(Spalding	et	al.,	2014a,	Spalding	et	al.,	2014b).	Furthermore,	unlike	engineered	structures,	such	systems	have	the	potential,	through	surface	vertical	accretion,	to	track	sea	level	rise	and	thus	provide	continued	natural	coastal	protection	over	time	(McIvor	et	al.,	2013).	Geological	evidence	from	the	Holocene,	when	sea	levels	rose	quickly,	suggests	that	saltmarshes	were	able	to	keep	pace	with	sea	level	rise	when	sediment	supply	was	sufficiently	high,	thereby	protecting	inland	habitats	from	inundation	and	maintaining	the	niche	saltmarshes	occupy	within	the	intertidal	zone	(Allen,	2000,	Kirwan	&		Temmerman,	2009).	Modelling	of	contemporary	changes	in	surface	elevation	in	saltmarshes	also	suggests	that	some	saltmarshes’	vertical	accretion	could	keep	up	with,	or	even	outpace,	near-future	sea	level	rise	(French,	2006,	Kirwan	et	al.,	2016,	Spencer	et	al.,	2016)	.	A	knowledge	of	the	rates	of,	and	controls	on,	surface	accretion	on	saltmarsh	surfaces	is,	therefore,	of	considerable	interest	and	significance.		Vertical	 near-surface	 accretion	 rates	 in	 vegetated	 coastal	 habitats	 are	 the	 result	 of	complex	 interactions	 between	 geomorphological	 (e.g.	 shallow	 subsidence,	autocompaction	and	sedimentation	rates	(French,	2006))	and	biological	processes	(e.g.	root	 growth	 and	 organic	 matter	 accumulation	 (Cahoon	 et	 al.,	 2000)).	 In	 micro-tidal	
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	 Daytime	(10:00-16:00	GMT)	 Night-time	(00:00-03:00	GMT)	Chamber	 T	°C	 RH	%	 CO2	ppm	 T	°C	 RH	%	 CO2	ppm	1-ElevatedCO2	 22.4	(6.8)	 69.8	(20)	 798	(213)	 12.2	(3.2)	 91.9	(40)	 389.3	(4)	2-Elevated	CO2	 21.9	(6.4)	 69.1	(19)	 798	(210)	 11.8	(3.4)	 91.2	(40)	 413.1	(33)	3-Ambient	CO2	 21.9	(6.4)	 N/A	 389	(23)	 12.3	(3.5)	 N/A	 403.2	(5)	4-Ambient	CO2	 20.6	(5.9)	 71.4	(21)	 N/A	 12.5	(3.4)	 94	(9)	 N/A	5-Elevated	CO2	 22.0	(6.4)	 67.1	(18)	 798	(270)	 11.7	(3.3)	 88.2	(34)	 395.5	(11)	6-Ambient	CO2	 22.6	(4.2)	 N/A	 387	(17)	 13.2	(2.3)	 N/A	 400.1	(6)			 	
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Table	2:	Factors	(both	continuous	and	categorical)	included	in	the	final	boosted	regression	tree	model	to	predict	surface	accretion	rates	in	the	saltmarsh	blocks,	along	with	their	minimum,	maximum	and	mean	values.			Factor	 Type	 Min	 Max	 Mean	[CO2]	ppm	 Categorical	 400		 800	 n/a	[Nutrient]	 Categorical	 Low	 High	 n/a	
A.	portulacoides	biomass	(g)	 Continuous	 1	 129.2	 44.8	Microbial	metabolic	rate	(AMR)	 Continuous	 0.009	 0.021	 0.015	Non-vegetated	area	(%)	 Continuous	 3	 38	 15.3	
P.	maritima	biomass	(g)	 Continuous	 0	 83.3	 11.5	Belowground	biomass	(g)	 Continuous	 64.6	 376.2	 144.5	Root	%N	 Continuous	 0.75	 1.76	 1.26	
S.	maritima	biomass	(g)	 Continuous	 0	 149.6	 32.4			 	
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Table	3:	Mean	(SD)	values	for	vegetation	characteristics	in	the	saltmarsh	blocks	(surface	area	=	0.12	m2)	following	5	months	of	growth	with	different	nutrient	and	CO2	concentrations.	AGB	=	above	ground	biomass,	BGB	=	below	ground	biomass,	SLA	=	specific	leaf	area.	*	Predictors	included	in	the	BRT	model.	Different	letters	denote	significant	differences	among	treatments	(p<0.05),	N	=	9	for	each	measurement.			 Ambient	CO2	 Elevated	CO2	Parameter	 Low	Nutrient	 High	Nutrient	 Low	Nutrient	 High	Nutrient	Total	AGB	(g)	 68.5	(37.3)	a	 131.3	(21.8)	b	 59.4	(20.7)	a	 119.1	(24.7)	b	Total	BGB	(g)	*	 129.2	(71.6)	a	 151.1	(34.8)	a	 132.6	(60.9)	a	 165.1	(96.0)	a	
A.	potulacoides	AGB	(g)	*	 42.7	(47.2)	a	 47.3	(37.4)	a	 22.8	(15.4)	a	 66.5	(35.3)	a	
P.	maritima	AGB(g)	*	 11.6	(13.2)	a	 7.6	(8.9)	a	 14.1	(27.5)	a	 12.5	(9.8)	a	
S.	maritima	AGB	(g)	*	 9.1	(6.5)	a	 72.7	(50.3)	b	 14.7	(9.1)	a	 33.3	(24.9)	c	
L.	binervosum	AGB	(g)	 0.4	(1.3)	a	 0.6	(1.6)	a	 0.009	(0.03)	a	 0.5	(1.6)	a	
A.	tripolium	AGB	(g)	 4.6	(9.8)	a	 3.0	(6.9)	a	 7.6	(14.8)	a	 6.2	(13.7)	a	
C.	anglica	AGB	(g)	 0.1	(0.07)	a	 0.04	(0.5)	a	 0.09	(0.2)	a	 0.07	(0.14)	a	
A.	portulacoides	SLA	(cm2	g-1)	 97.6	(28.3)	a	 97.5	(13.6)	a	 98.1	(23.2)	a	 98.3	(16.6)	a	Root:Shoot	Ratio	 2.3	(1.5)	a	 1.2	(0.3)	b	 2.6	(1.9)	a	 1.4	(0.7)	b	Root	C:N	 29.4	(4.1)	a	 27.9	(2.5)	a	 27.5	(3.2)	a	 27.1	(3.1)	a	Root	N:P	 4.1	(1.8)	a	 3.6	(1.6)	a	 4.7	(2.8)	a	 4.5	(1.5)	a	Root	N	(%)	*	 1.2	(0.2)	a	 1.2	(0.3)	a	 1.3	(0.3)	a	 1.4	(0.3)	a	Non-vegetated	area	(%	cover)	*	 20.6	(7.4)	a	 11.4	(6.7)	b	 20.7	(10)	a	 8.5	(4.4)	b			 	
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Figure	Legends:		Figure	1:	A	schematic	of	the	open	top	chambers	(a)	side	view	and	(b)	top	view	showing	the	shape	and	dimensions	of	the	chambers	and	location	of	ventilation	pipe,	saltmarsh	blocks,	CO2	controller	and	data	loggers	(white	point	bullet).	(c)	Schematic	of	the	custom	Surface	Elevation	Table	(SET),	shown	attached	to	the	slots	on	the	saltmarsh	block	crate	and	with	measurement	pins	in	positions	5	and	7	(out	of	9	possible	positions).		Figure	2:	Mean	(±SE)	surface	elevation	change	over	time	relative	to	the	June	baseline	measurement.	N	=	9	saltmarsh	blocks	for	each	point.	Square	symbols	are	ambient	CO2	(400	ppm),	round	symbols	are	elevated	CO2	(800	ppm),	filled	symbols	are	high	nutrient	and	open	symbols	low	nutrient	treatment.			Figure	3:	Boosted	regression	tree	analysis	partial	dependence	plots,	visualising	the	relationship	between	each	predictor	and	surface	elevation	change	after	accounting	for	the	average	effect	of	all	other	predictors	in	the	model.	The	relative	influence	(%)	of	each	predictor	on	surface	elevation	change	is	included	in	each	panel	(top	right).	Values	above	the	dotted	line	indicate	a	positive	effect	on	surface	accretion,	and	values	below	the	dotted	line	denote	a	negative	effect.	The	relative	influence	of	the	nutrient	treatment	was	<1%.		Figure	4:	Average	(±SE)	well	colour	development	over	time	of	the	nine	soil	samples	from	each	treatment.	Square	symbols	are	ambient	CO2	(400	ppm),	Round	symbols	are	elevated	CO2	(800	ppm),	filled	symbols	are	high	nutrient	treatments	while	open	symbols	are	low	nutrient.	The	kinetic	function	fitted	to	the	data	(solid	line,	elevated	CO2,	broken	line,	ambient	CO2	concentration)	is	the	Weibull	distribution	function	(R2	=	0.88,	0.82,	0.74	and	0.86	and	rate	coefficient	k	=	0.0158,	0.0155,	0.014	and	0.014	for	400	ppm/Low	
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Nutrient,	400	ppm/High	Nutrient,	800	ppm/Low	Nutrient	and	800	ppm/High	Nutrient	respectively).			 	
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Supplementary	Figure	1:	An	example	of	diurnal	variations	in	CO2	concentrations	(black	solid	line)	and	temperature	(red	dotted	line)	in	an	open	top	chamber	on	the	21/7/2015.		Supplementary	Figure	2:	Surface	elevation	change	(mm)	over	the	five-month	measurement	period	as	a	function	of	standing	root	biomass	(g)	for	blocks	receiving	either	ambient	(open	circles)	or	elevated	(closed	circles)	CO2	concentrations.	The	fitted	line	is	of	the	form	Y=0.008X-1.19	(R2	=	0.04).	The	slope	of	the	regression	is	not	significantly	different	to	0	(p	=	0.2).		Supplementary	Figure	3:	(a)	Leaf	water	use	efficiency	measured	between	10:00-13:00	for	Atriplex	portucaloides	using	a	Licor-6400	gas	exchange	photosynthesis	machine	following	five	months	of	growth	in	the	mesocosms.	WUEi	was	calculated	as	C	assimilation	rate	(A)	divided	by	stomatal	conductance	(Gs).	(b)	Canopy	transpiration	rate	for	that	period	was	calculated	from	stomatal	conductance	and	total	A.	portucaloides	leaf	area.	Each	bar	represents	the	mean	for	each	block.	Each	block	was	represented	by	three	leaf	measurements.	Filled	bars	are	the	mean	for	blocks	from	the	elevated	CO2	treatment	and	open	bars	the	mean	for	plants	grown	under	ambient	CO2	concentrations.				
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